Objective: In the present study, we aimed to retrospectively evaluate the preoperative characteristics, intraoperative and postoperative results of patients who underwent laparoscopic obesity surgeries. Methods: After obtaining the approval of the Ethics Committee, records of patients who underwent laparoscopic obesity surgery from January 2013 to December 2016 were reviewed. Demographic characteristics, medications used in anaesthesia and analgesia, the duration of recovery unit/hospital stay, intensive care unit/mechanical ventilation requirements and complications were recorded. Results: A total of 329 ASA II-III patients over a 3-year period were operated. Thiopental and propofol were administered at induction, sevoflurane, isoflurane and desflurane were administered for the maintenance, and vecuronium and rocuronium were administered to aid in neuromuscular blockage. The mean durations of recovery unit and hospital stays were 30.80±6.01 minutes and 4.27±1.68 days, respectively. The hypnotic agent, muscle relaxant or inhalation anaesthetics used did not have a significant effect on the duration of recovery unit and hospital stay. Mask ventilation and intubation were noted to be difficult in 5.5% and 8.5% of the cases, respectively. The presence of obstructive sleep apnoea syndrome and high body mass index and Mallampati scores significantly increased difficult mask ventilation and difficult intubation rates. Four patients were transferred to intensive care unit for close monitoring. Two patients were re-operated on, two patients had rhabdomyolysis, one patient had Wernicke's encephalopathy and two patients had peripheral neuropathy. Perioperative mortality did not occur in any patient. Conclusion: We believe that appropriate patient selection, the use of well-designed anaesthesia and surgical protocols play important roles in increasing the success rate of patient outcomes and early and late complications in laparoscopic obesity surgery. Abstract ORCID IDs of the authors:
Introduction
O besity is defined as an unhealthy and excessive accumulation of fat mass in the body and has particularly increased rapidly in the last 30 years, becoming a major health problem worldwide (1) . Parallel to this situation, laparoscopic procedures are acknowledged as the gold standard in bariatric surgery that is reported to show a recent increase, and these procedures are used in a routine manner in suitable patient groups (2) .
For the anaesthetic management of these patients, the physiological changes due to obesity, concomitant diseases, airway management, intraoperative patient position, pneumoperitoneum, surgical technique, intraoperative ventilation, recovery period after anaesthesia, recovery period, postoperative analgesia and unique features of patient care are considered (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) .
The preoperative characteristics of the patients who underwent laparoscopic bariatric surgery, the anaesthetic management, the evaluation of the complications during and after the operation, and the results are discussed in the present study.
Methods
The records of the patients who underwent laparoscopic bariatric surgery between January 2013 and December 2016 were reviewed retrospectively. The study was approved by the Başkent University, Medical and Health Sciences Research Ethics Committee (project no. KA16/235).
Demographic characteristics, such as gender, age, body weight, height and body mass index (BMI), and preoperative characteristics, such as the American Society of Anesthesiologists (ASA) physical status classification, smoking status, alcohol history, concomitant diseases, Mallampati score and type of surgical intervention, were recorded. Difficult mask ventilation in the intraoperative period, difficult intubation, duration of surgery, duration of anaesthesia, operation-related plan changes, drugs used in anaesthesia, nausea-vomiting prophylaxis, blood component therapy and drugs used in postoperative analgesia were examined. Length of stay in the postoperative recovery unit, intensive care or mechanical ventilation requirement, postoperative respiratory failure, infection, transfusion requirement, need for reoperation, duration of hospital stay, deep vein thrombosis, pulmonary embolism, mortality rates and late complications were also recorded.
Statistical analysis
Statistical analysis was performed using the IBM SPSS version 20.0 software (IBM SPSS, Armonk, NY, USA). The Kolmogorov-Smirnov test was used to investigate the compatibility of measured data with the normal distribution. Descriptive statistical methods (frequency, percentage, mean and standard deviation) were used for the evaluation of data.
T-test and one-way ANOVA were used for the analysis of normally distributed data. The Mann-Whitney U test or Kruskal-Wallis test was used for the analysis of non-normally distributed data. The chi-square test was used for the comparison of qualitative data. For the analysis of the effects of more than one qualitative variable, each group was compared to each other separately (e.g. Mallampati I-II-III). A p value <0.05 was considered as statistically significant.
Results
In the present study, 329 (238 female and 91 male) cases who underwent laparoscopic bariatric surgery were evaluated retrospectively. Of the cases who were referred to surgery by the Endocrinology and Metabolism Department, 92.4% had a BMI≥ 40 kg m -2 , and 7.6% had a 40 >BMI≥ 35 kg m -2 . Twenty-one cases were classified in the ASA II group, and 308 cases were in the ASA III group. Concomitant problems, such as obstructive sleep apnoea syndrome (OSAS), hypertension, diabetes, ischaemic heart disease, chronic obstructive pulmonary disease, thyroid disease and rheumatic disorders, were present in 58.05% of the cases. Of the cases, 103 were smokers and 5 had alcohol use. The Mallampati score was found to be I in 167 cases, II in 142 cases and III in 20 cases (Table 1) . Table 2 shows the distribution of surgical procedures applied to the cases. One (0.3%) case was required to undergo an open surgical intervention from laparoscopy. In all cases, standard monitoring was performed including heart rate, non-invasive blood pressure and peripheral oxygen saturation. It was reported that in 188 cases arterial cannula, and in 51 cases central venous catheter was placed after intubation ( Table 2) . The hypnotic agent, inhalation anaesthesia, neuromuscular blockers and duration of intervention (operation, recovery and discharge), which were preferred during the induction and maintenance of anaesthesia are summarised in Table 2 . It was determined that the hypnotic agent and neuromuscular blocker or inhalation anaesthesia that was administered did not have any significant effect on the duration of recovery unit and hospital stay ( Table 3) .
Difficult mask ventilation and difficult intubation were experienced in 18 (5.5%) and 28 (8.5%) patients respectively. In these cases, it was observed that the presence of OSAS and an increase in BMI and Mallampati score significantly increased difficult mask ventilation and difficult intubation ( Table 4) . After surgery, all the cases were extubated. All of the patients except for 4 (1.2%) were transferred to the ward in the postoperative period after staying for 1 day in the intensive care unit for close monitoring, and no mechanical ventilation was needed in any patient. In the postoperative period, three patients underwent transfusion of packed red cells due to bleeding from the port sites or anastomosis line. One patient was reoperated due to anastomotic leakage, another patient had to undergo reoperation due to an intra-abdominal haemorrhage, and both were transferred to the ward without any problem. One case was treated with drainage by the Interventional Radiology Department and antibiotics due to an intra-abdominal abscess development. As late complications, two cases developed rhabdomyolysis 7-10 days after surgery, one case developed Wernicke encephalopathy in postoperative month 2 and two cases developed peripheral neuropathy (due to lack of vitamin B 12 and folic acid) 3 and 6 months after the operation. Within postoperative month 6, eight of the patients were operated for cholecystectomy and two for incisional hernia (Table 5 ).
Discussion
Owing to concomitant diseases, obesity is a chronic, progressive and life-threatening disease. The treatment costs associated with these concomitant diseases also increase in parallel with obesity and become an economic burden (1). In the United States, surgical treatment of obesity, which is one of the most common causes of premature death after cigarette smoking, has been reported to decrease patients' risk of mortality (2) .
Owing to the frequent occurrence of obesity-related problems, such as cardiovascular, pulmonary, endocrine and metabolic complications; fat neck; small oral cavity; narrow mouth opening; restricted head and neck movements due to fat tissue and difficult airway due to short sternomental and/ or thyromental distance, obesity is considered risky in terms of anaesthesia (3) . In accordance with the literature, the present study showed that 58.05% of the cases who were treated with laparoscopic bariatric surgery have cardiovascular, respiratory, endocrine, gastrointestinal and/or rheumatic diseases, and majority of these cases are women (72.9% females and 27.1% males). In addition, according to standard indications for bariatric surgery, it was determined that 92.4% of the cases had a BMI ≥40 kg m -2 and 7.6% had 40>BMI≥35 kg m -2 with concomitant diseases and were referred to surgery by the Endocrinology and Metabolism Clinic. All of the cases were evaluated in the Anaesthesiology Department before the operation. Routine preoperative examinations including complete blood count, biochemistry, blood type, coagulation tests, chest X-ray and electrocardiography (ECG) and pulmonary function tests, as well as endocrinology and chest diseases consultation, were performed. Patients with ischaemic heart disease or ECG changes were evaluated by the cardiology service. It has been reported that the incidence of OSAS, which is a respiratory disorder related to sleep and characterised by apnoea and hypopnoea and upper respiratory tract obstruction episodes, is common among obese individuals and is between 5% and 46% in patients who underwent bariatric surgery (4, 5) . This may lead to an increase in postoperative complications, such as airway obstruction and hypoventilation. It is shown that examination of patients who had bariatric surgery in terms of OSAS may reduce the perioperative risks with postoperative peripheral oxygen saturation and non-invasive ventilation therapy (6) . Studies that investigated the relationship between OSAS and difficult mask ventilation and/or intubation have reported different results (6) (7) (8) (9) (10) . The present study showed that 18 (5.7%) patients were diagnosed with OSAS. Since these cases were evaluated by the Department of Chest Diseases and continued receiving treatment in the postoperative period, no problem was experienced in the postoperative period. In three cases diagnosed with OSAS, preoperative continuous positive airway pressure (CPAP) treatment was continued in the postoperative period. It was determined that of the 18 patients who were diagnosed with OSAS, difficult mask ventilation was found in 3 (16.6%) patients, and 4 (22.2%) patients had difficult intubation. This result is in agreement with the literature that OSAS is a risk factor for difficult mask ventilation and difficult intubation (8-10).
Among patients who had bariatric surgery, in addition to standard monitoring of ASA, different applications have been performed in terms of arterial cannulation for invasive blood pressure monitoring and blood gas analysis and routine administration of central venous catheterisation for difficult vascular access or central venous pressure measurement (11, 12) . It is suggested that the arm blood pressure cuff should be large enough to cover the arm circumference of the cases who were administered non-invasive blood pressure (13, 14) . In these cases, the use of an ultrasound is becoming increasingly widespread in facilitating central and peripheral venous or arterial interventions. In addition, in obese patients with a higher risk of aspiration, an ultrasound might be used to visualise stomach contents before anaesthesia induction (15) . In all cases, 2 peripheral vascular accesses were established, arterial cannulation was used in 57.14%, and central venous catheterization was administered in 15.50% due to difficult vascular access.
In laparoscopic bariatric surgeries, hypothermia can develop due to cold operating room environment, general anaesthesia, washing liquids and intravenous fluids. Therefore, in these cases, it is important to monitor body temperature in order to prevent unwanted hypothermia, which can lead to an increase in the duration of the effects of anaesthetic drugs, neuromuscular blockers and prolongation of recovery; increase in blood transfusion requirements; increase in shivering causes increased oxygen consumption and increase in the frequency of wound infection and postoperative nausea and vomiting (16) . In all cases, body temperature monitoring from the nasopharingeal region was performed, and heating blanket, hot air blowing heating system and intravenous fluid heaters were used. In addition, the wash solutions used during laparoscopic surgery were heated, and no intraoperative hypothermia developed in any of the cases.
In obese patients, the distribution volume of fat-soluble drugs are increased due to high fat deposits. For this reason, fat-soluble drugs should be administered in higher doses than normal. Water-soluble drugs are recommended to be adjusted according to adjusted body weight (17) . Various studies have shown that in anaesthetic management of these patients, propofol is the most commonly used intravenous anaesthetic to provide rapid and safe induction and rapid recovery, and sevoflurane is the most commonly used inhalation anaesthetic (18) . There are studies that show that compared to other inhalation agents, sevoflurane and desflurane are more advantageous in terms of haemodynamic stability and rapid recovery among cases who underwent bariatric surgery (19) . The present study showed that drug doses administered during the induction of anaesthesia were adjusted to adjusted body weight; propofol was used in 70.2% of the cases, and thiopental was used in 29.8% of the patients. In addition, as a neuromuscular blocker, 18.2% of the patients received vecuronium and 81.2% received rocuronium; as an inhalation agent, sevoflurane was used in 60.2% of the patients, isoflurane was used in 32.5% and desflurane was used in 7.3%. Adjusted body weight was calculated as adjusted body weight=total body weight (kg)+0.4 (total body weight− ideal body weight). The ideal body weight was calculated by subtracting 100 in men and 105 in females from height in cm (17) . It was observed that the choice of hypnotic agent, neuromuscular blocker or inhalation anaesthetic did not significantly affect the duration of stay in the recovery unit and in the hospital.
Several studies reported that an increase in BMI complicates mask ventilation (20, 21) . Leoni et al. (21) showed in their study involving 309 obese patients that the incidence of difficult mask ventilation is 8.8%. For this reason, it is important to have alternative airway management devices available for the induction of anaesthesia of the patients. The present study showed that the incidence of difficult mask ventilation in cases who underwent laparoscopic bariatric surgery was 5.5%, and an elevated BMI significantly increased difficult mask ventilation. The frequency of difficult mask ventilation was found to be 1.5% among cases with a BMI <50 kg m -2 , whereas it was 16.6% in cases with a BMI ≥50 kg m -2 . Similarly, the results of our study showed that an increase in Mallampati scores significantly increased difficult mask ventilation. The incidence of difficult mask ventilation was 1.1% in Mallampati I cases, 6.3% in Mallampati II cases and 35% in Mallampati III cases. Studies that investigated the relationship between obesity and difficult intubation have yielded conflicting results. Shiga et al. (22) reported that the incidence of difficult intubation is 5.8% in normal patients and 15.8% in obese patients. On the other hand, it was reported that factors such as high Mallampati scores (>3), limited neck movements, short neck and large neck circumference (>40 cm) are independent risk factors for difficult tracheal intubation, and obesity alone is not a risk factor for difficult intubation; thus, studies that emphasise the importance of multivariate scoring are included in the literature (23) (24) (25) . Furthermore, there are studies that suggest the use of ultrasonography in the presence of difficult intubation in obese patients due to limited sensitivity and specificity of current clinical tests (26) .
The present study showed that the incidence of difficult intubation among cases who underwent laparoscopic bariatric surgeries was 8.5%, and an increase in BMI and Mallampati scores significantly increased difficult mask ventilation and difficult intubation. The incidence of difficult intubation was found to be 6.6% in a BMI <50 kg m -2 , 15.0% in a BMI ≥50 kg m -2 , 2.9% in Mallampati I cases, 12.6% in Mallampati II cases and 25% in Mallampati III cases. In 91.1% of the cases, tracheal intubation was performed with direct laryngoscopy. In 28 cases with difficult intubation, difficult intubation stylets were used in 19 cases and intubating laryngeal mask airways were used in 9 cases without any problem, and no other supraglottic airway device was required. These results were found to be consistent with studies reporting that the incidence of difficult intubation in patients who underwent laparoscopic bariatric surgery is 6.3%-8.9% (27, 28) . For this reason, in the preoperative period, it is important to evaluate the airway in detail, take necessary precautions in terms of possible difficult airway management, apply an effective preoxygenation before tracheal intubation and use the ramp position with the head elevated up to 30° before the induction of anaesthesia.
In patients who underwent laparoscopic bariatric surgery, fat tissue around the thorax causes a decrease in chest wall compliance, and increased abdominal pressure decreases functional residual capacity; thus, small airways collapse, atelectasis develops, ventilation/perfusion mismatch and intrapulmonary shunt increases. In addition, pneumoperitoneum has negative effects on intraoperative ventilation. Carbon dioxide absorption can lead to hypercarbia and acidosis, and peak airway pressures may increase during mechanical ventilation. These effects can be corrected by adjustments on mechanical ventilation parameters. For this reason, intraoperative ventilation of obese patients is characteristic. Studies comparing volume-controlled ventilation and pressure-controlled ventilation in these patients have presented conflicting results (29, 30) . In obese patients, it was reported that the administration of lung recruitment manoeuvre and positive end-expiratory pressure (PEEP) ≥10 cm H 2 O has beneficial effects on correction of atelectasis, prevention of collapse in small airways and ventilation-perfusion and oxygenation (31) . The present study showed that all cases used volume control ventilation with an inspiratory/expiratory ratio of 1/2 and ventilatory settings were made to ensure that respiratory frequency with a tidal volume of 6-8 mL kg −1 to maintain an EtCO 2 level of 35-45 mm Hg with a PEEP of 10 cm H 2 O. In addition, it was determined that after tracheal intubation, cases had lung recruitment manoeuvre (40 cm H 2 O for 15 s) at least once, and the I/E ratio was 1/1 in patients with peak inspiratory pressure >30 mmHg.
After bariatric surgery is completed, before extubation, the patient should be awake, their neuromuscular functions must be regained and tidal volumes should be sufficient. Therefore, antagonisation of the neuromuscular blocker should be sufficient. Compared to neostigmine, sugammadex has been shown to achieve the desired effect in obese patients in a shorter time (32) . For postoperative follow-up, it is observed that there are different applications in terms of transferring patients from the recovery unit to the wards or the intensive care units. (34) . The main reasons for different intensive care requirements in different studies may result from local protocol differences in patient selection criteria and operation methods. The results of our study showed that in all cases, neuromuscular block was antagonised at the end of the operation, none of our patients required postoperative mechanical ventilation and 4 (1.21%) were referred to the intensive care unit for follow-up. It was determined that in order for the continuation of CPAP therapy in the preoperative period, two patients were transferred to the ICU, with one patient for intense postoperative nausea therapy and another for postoperative blood pressure control.
In patients who underwent laparoscopic bariatric surgery, postoperative pain and analgesic treatment should be effective; undesirable effects, such as respiratory depression, hypoventilation and haemodynamic instability, nausea-vomiting, itching and delayed bowel function, should be prevented and early mobilisation should be allowed. A multimodal analgesic approach consisting of different agents with different modes of action and mechanisms appears to be a viable option in these cases (35) . In the present study, it was determined that in all cases in the intraoperative period, intravenous non-steroidal anti-inflammatory drug, paracetamol and, after the operation, local anaesthetic infiltration in the trocar sites and in the postoperative period, tramadol HCl with patient-controlled intravenous analgesia, paracetamol and intravenous non-steroidal anti-inflammatory drugs were administered. The fact that most patients were women, general anaesthesia administration and laparoscopic procedures increased the risk of postoperative nausea and vomiting in these cases. For this reason, it was determined that antiemetic drugs were administered with 2-3 different agents.
It has been reported that the mortality rate is 0%-4.6% in cases who underwent bariatric surgery (36) . However, as obesity surgery becomes more frequent, the reported (heard or informed) mortality rate is also increasing. Possible causes of postoperative mortality in these cases were reported to be associated with obesity-related comorbidities, pulmonary thromboembolism, peritonitis, sepsis reoperation and surgery-related complications (37 (38) . The results of our study, which included a large series of 329 cases, showed that the mortality rate was 0% in cases who underwent laparoscopic bariatric surgery. In our case series, in terms of laparoscopic surgical procedure, it was determined that in the postoperative period, three patients had packed red cell transfusion due to haemorrhage from the port sites or anastomosis line, two patients were reoperated, one due to anastomosis leakage and one due to intra-abdominal haemorrhage and were transferred to the ward without any problem. It was determined that both patients were extubated after the second operation, transferred to the ward and then discharged and one case was treated by drainage and antibiotherapy by interventional radiology due to intra-abdominal abscess development. As a late complication of the operation, it was observed that rhabdomyolysis developed in two patients on postoperative days 10 to 14, Wernicke encephalopathy developed in one patient on month 3 and peripheral neuropathy due to vitamin B 12 and folic acid deficiencies developed in two patients on months 2 to 6. For this reason, it should be taken into account that in the anaesthetic management of subsequent operations, patients with bariatric surgery history may have vitamin and mineral deficiencies. In addition, within postoperative month 6, eight of the patients were cholecystectomised, and two were operated due to incisional hernia.
Conclusion
In conclusion, the present study, which included 329 cases, showed the features of anaesthetic management of patients who underwent laparoscopic bariatric surgeries, possible problems and complications. The hypnotic agent, muscle relaxant or inhalation anaesthesia that was administered did not appear to have any significant effect on the duration of recovery unit and hospital stay. In these cases, the presence of OSAS and an increase in BMI and Mallampati score were found to significantly increase difficult mask ventilation and difficult intubation. Detailed pre-anaesthetic evaluation, selection of appropriate anaesthetic agent and ventilation strategies and application of well-designed protocols including an effective postoperative analgesia are crucial in reducing morbidity and mortality in these patients. Examination of the applied anaesthesia methods and their results and early and late complications that were developed will play an important role in increasing the quality of service, increasing the success rate and decreasing complications. 
